form AZLrovea

- \ -
REPORT DOCUMENTATION PAGE e e s 0188
AR PE 18 D Ter s rEaglr L3It Ine T Me tIr teewing ASUTLCLCNS @370 T3 2 st 3 PR T ga o
TATICALeNngma : : .G IS DUIGAN 26T OF 37y IINer 3iCetT I Ty
: “3sTorgTIe . Sec.es 2 el neaematicn Coeritiins ara deocrs, 1205 L2tfersen
3 RTINS S S P (P SPPRNDP IS RS D0t s searagemant 3m3 3oTer e trc educt on Pzacn (070440 °88), Masnongten, SC I95C3
1. AGENCY USE ONLY (Leave zlfanx) | 2. REPCRT DATE 3. REPORT TYPE AND DATES COVERED
3/19/97 FINAL TECHNICAL REPORT 9/28/90-1/27/9
& TITLE AND SUSTITLE 5. FUNDING NUMBERS
Struture and Physical Properties of Monolayers and Multi- N00014-90-J-2030
layers of Liquid Crystals Showing Bulk Ferroeletric Pro-
nortias
5. AUTROR(S)
R. S. Duran
7. PERFURANIAG CRGANIZATICN NAME(S) AND ADDRESS{ES) 8. PERFCRMING CRGANIZATION
University of Florida, Department of Chemistry REPORT NUMBER
P. 0. Box 117200
Gainesville, FL 32611-7200
3 SPONSORING MOCMTCRING AGENCY NAMEIIS) AND ADDRESSIES) 10. SPONSORING MONITORING
Dr. Joel Schnur AGENCY REPORT NUMBER
Naval Research Laboratory, Center for Bio/Molecular Sci.
and Engineering, Code 6090
Washington, DC 20375-5000

SRR EAENTARY NOTES

123 DSTRIEUTION AVAWAZMITY STATEMENT f 12n. D1$73,3L7 CN COCE

13, ABSTRACT o0 =

A series of amphiphilic low molecular weight and polymeric compounds showing bulk ferroelec-
tric liquid crystalline behavior was investigated as monolayers at the air/water interface and as thin
films on solid substrates. The polymers investigated contained siloxane backbones and pendant
liquid crystalline side chains. Investigations at the air/water interface used the Langmuir technique.
The molecular packing, morphology, pressure relaxation, and thermodynamics of mixing were in-
vestigated. Investigations of thin films utilized Langmuir Blodgett techniques and layer-by-layer
deposition to build defined multilayers. X-ray techniques were subsequently utilized by staff at
NRL to quantify film thickness, molecular structure, and superlattice stability. Additional films
were deposited on microelectrode arrays and switching studies were performed at NRL.

14, 3u3.,eCT TERMS 15. NUMBER OF PAGES

TS OTATYS ﬂ?gl‘ﬁ“mﬁ £ 16. PRICE CODE

17. SECURITY CLASSIFICATICN 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT

QF IPORT OF THIS PAGE OF ABSTRACT

NSMO 733631 -280-5389 Stargare orm 298 (Rav 2-89)
Prescrped Dy ANSI Sta Z239-°3

298-°32




OFFICE OF NAVAL RESEARCH

Grant #N00014-90-J-2030
9/28/90-1/27/94

Dr. Joel Schnur

FINAL TECHNICAL REPORT

"Structure and Physical Properties of Monolayers and Multilayers of Liquid
Crystals Showing Bulk Ferroelectric Properties'

R. S. Duran, Principal Investigator

Department of Chemistry
University of Florida
P. O. Box 117200
Gainesville, FL 32611-7200
PHONE: (352) 392-2011
FAX: (352)392-9741
e-mail: duran@chem.ufl.edu

s 19970331 038




FINAL TECHNICAL REPORT

A homologous series of side-chain liquid crystalline homopolymers, copolymers, and the corre-
sponding low molecular weight side chains were investigated. All having the same mesogenic
group (which generally led to ferroelectric liquid crystalline behavior in the bulk), the materials dif-
fered in the length of the alkyl spacer which decoupled the mesogen from the polymer backbone
and the density of side chain substitution on the poly(siloxane) backbone. The molecular structure
was such that most of the materials behaved as insoluble amphiphiles. The approach taken was to
investigate the behavior of the compounds as monolayers at the air/water interface, and subse-
quently using Langmuir Blodgett transfer, to investigate well defined thin films and superlattices
deposited on solid substrates.

By systematic studies with a Langmuir Trough coupled with complementary techniques such as
Brewster Angle Microscopy, electronic spectroscopy and others, a description of the molecular or-
dering as a function of molecular concentration at a water surface was developed. With the low
molecular weight side chains, the ultimate packing as well as onset of long range in-plane tilt orien-
tational order was dominated by the mesogenic part of the molecule and was independent of the
alkyl spacer length. Upon compression from gas-like 2-D densities, several phases were seen by
microscopy. The observed polymorphism was strongly influenced by the subphase temperature,
and transition temperatures were considerably depressed compared with the bulk, but following the
trends seen with classical 3-D first order phase transitions. The polymers showed simpler poly-
morphism, and ultimate packing dominated by the siloxane part of the molecule. Due to their archi-
tecture, the homopolymers had inherent sufficiently high 1-D positional order (chemical substitu-
tion of mesogen-containing side chain every other atom along the polymer backbone) that the
polymer chains aggregated, condensed, and solidified as the organic solvent evaporated from the
interface, leaving monolayer-thick poorly formed 2-D crystals or anisotropic glasses at the water
surface. In other words, local solvation forces were insufficient to break up cohesive interactions
between the side chains at temperatures near ambient. As the side chain substitution density de-
creased, solvation and entropic effects were sufficient to lead to a 2-D fluid with no in-plane long-
range tilt orientational order; however, with certain systems, applied lateral pressure sufficiently in-
creased the mesogen packing density that pressure-induced birefringence indicative of a phase
transition involving orientational order was observed. At high applied surface pressures, the
copolymers also showed viscoelastic character, which was investigated. Finally, 2-D thermody-
namic investigations of copolymers with their low molecular weight side chains were performed.
Free energy calculations indicated miscibility over a wide range of compositions and applied pres-
sures. Subsequent Brewster Angle Microscopy studies indicated that the miscibility was domi-
nated by the steric fit of the low molecular weight species improving packing of the mesogens and
likely partially dewetting the polymer backbone.

Defined thin films were prepared by the Langmuir Blodgett technique and investigated by X-ray
diffraction and other complementary methods in collaboration with the group of Dr. Shashidhar at
NRL. Quantitative transfer of copolymers to hydrophobic silicon over a range of applied pres-
sures indicated that well-defined films could be formed, but may also be an indication of metastable
character of the adsorbed polymer liquid crystals. X-ray reflectometry indicated that uniform, flat
films were obtained, however further analysis indicated that interdigitation of mesogens between
layers was likely. Further investigations of two component superlattice structures deposited with
an alternate layer LB trough indicated that significant molecular mixing occurred quickly after the
deposition process. Further analysis, largely at NRL, attempted to investigate the electron density
profile normal to the substrate surface. Finally, the LB technique was used to deposit defined thin
films of the copolymer on an interdigitated microelectrode array substrate. Subsequent investiga-
tions at NRL indicated that ferroelectric switching was observed. This switching was observed to
occur at a faster rate and at lower potential than thicker films of the same material in a conventional
liquid crystal switching cell.




